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Introduction
============

The HIV/AIDS epidemic is changing demographic and household structures in sub-Saharan Africa.[@ref1] The effect of the disease on child mortality,[@ref2] life expectancy,[@ref3] and dependent children is well established. The Joint United Nations Programme on HIV/AIDS (UNAIDS) estimated that by 2007, HIV/AIDS had orphaned more than 12 million children in sub-Saharan Africa.[@ref4] However, the toll of the epidemic on Africa's elderly population is poorly characterised.

Despite the epidemic's effects, the number of adults over the age 60 in Africa is projected to rise by 55% between 2010 and 2025, a 135% increase since 1995.[@ref5] [@ref6] These changes will increase the dependency ratio and the demand for old age support. In parallel to this demographic transition, however, the HIV/AIDS epidemic is decreasing the supply of family caregivers. Unlike many other diseases, HIV/AIDS causes deaths primarily among working age adults,[@ref7] [@ref8] who often serve as primary caregivers for dependent elderly family members.[@ref9] [@ref10]

In middle income and high income countries, the informal caregiving burden associated with longer lifespans has historically generated political pressure for governments to create old age security programmes. With a few exceptions, formal arrangements for elderly care do not yet exist in sub-Saharan Africa. Instead, family members continue to play a vital role in supporting aging kin.[@ref11] [@ref12]

In this paper, we quantitatively assessed the extent to which HIV/AIDS is responsible for diminishing support and increasing isolation among older individuals in sub-Saharan Africa. This phenomenon has been described qualitatively and analysed in a few select countries using demographic simulation methods.[@ref13] [@ref14] [@ref15] [@ref16] We analysed nationally representative household survey data from a large number of African countries to examine the relation between the HIV/AIDS epidemic and household support structures for elderly individuals in sub-Saharan Africa.

Methods
=======

Study population and data
-------------------------

Our data on the characteristics of the elderly population and on living arrangements came from the Demographic and Health Surveys conducted by Macro International, Calverton, MD. These surveys are nationally representative household level surveys of many low income and middle income countries and are performed approximately once every five years. The standard survey includes questions about household composition and living arrangements such as age, relationship to head of household, education, and marital status of each member of the household.

In our analysis, we included all sub-Saharan countries where multiple Demographic and Health Surveys had been conducted between 1991 and 2006 and included explicit primary sampling units and strata. Our final sample included 123 176 older individuals (age 60 or older) surveyed during 58 Demographic and Health Survey waves in 22 countries---Benin, Burkina Faso, Cameroon, Chad, Côte d'Ivoire, Ethiopia, Ghana, Guinea, Kenya, Malawi, Mali, Madagascar, Mozambique, Namibia, Niger, Nigeria, Rwanda, Senegal, Tanzania, Uganda, Zambia, and Zimbabwe.

We investigated how three measures of the living arrangements of older people have been affected by the HIV/AIDS epidemic: the number of older individuals living alone without any prime age adults (that is, the number of unattended elderly people); the number of older individuals living with only dependent children (that is, in missing generation households); and the number of prime age adults per household where an elderly individual lives. Unattended elderly people may require support and may be harmed by living without prime age adults. In missing generation households, older individuals are likely to care for the young children, incurring the burdens of child support in addition to the hardships of caring for themselves without adult support. Elderly individuals may also lose support if some but not all of their adult caregivers die and they are left with fewer prime age providers in the house. For this reason, we also considered the number of adults per household in households with at least one older person and at least one prime age adult.

We defined an elderly person to be 60 years of age or older, a prime age adult to be between the ages of 18 and 59, and a dependent child to be under the age of 10. We used the age criterion of 60 years or older to define an older individual because it captures the oldest 5% of the African population, who may require financial and physical support (by comparison, the oldest 5% of the population in the US comprise people who are more than 75 years old.[@ref17] We considered dependent children to be those under the age of 10 because it is unclear whether 11 to 18 year olds would care for elderly people or be cared for by elderly people.

We used AIDS mortality (rate of AIDS related deaths per 1000 people) as a measure of the severity of the HIV/AIDS epidemic and as the primary predictor for the living conditions of older people. To arrive at the AIDS mortality rate, we divided the annual number of AIDS related deaths in each country by the population (in thousands) during that year. Our estimates of annual AIDS related deaths came from public reports of country and year mortality data produced by UNAIDS.[@ref4] UNAIDS calculates the number of AIDS related deaths by using HIV and AIDS incidence values from antenatal clinic and sentinel surveillance data combined with information on survival and antiretroviral drug use.[@ref18] We used mid-year country population estimates published by the US Census Bureau's population division as denominators for constructing AIDS mortality rates.

Statistical analysis
--------------------

For dichotomous dependent variables---unattended elderly people and missing generation households---we estimated the importance of the AIDS mortality rate by using probit models fit by maximum likelihood estimation. For the number of prime age adults living in households with older people, we estimated our parameter of interest using ordinary least squares regressions. Where we used probit models, we report marginal effects, which represent the change in likelihood of the outcome given a one point change in the predictor variable. See the web extra for a detailed explanation of the estimation techniques and sensitivity analysis, as well as further discussion of sample selection.

The Demographic and Health Surveys data include a rich set of socioeconomic variables. In adjusted analyses, we controlled for age, sex, place of residence (urban or rural), education, country, and whether households had electricity, flush toilets, plumbing, dirt floors, bikes, and radios. We adjusted for whether participants lived in urban or rural areas because previous research suggests that younger adults are presently migrating to urban areas at high rates---a trend that might be correlated with the AIDS mortality rate.[@ref19] We included whether households had electricity, flush toilets, plumbing, bikes, dirt floors, and radios as a measure of socioeconomic status, because poverty may modify the effect of the epidemic on living conditions.

To adjust for unobserved differences between countries and to account for common linear changes over time, we included country dummy variables and a survey year variable. Given that the Demographic and Health Surveys data are available for only some years in some countries, we were unable to include country dummy and survey year variables simultaneously. In this paper, we present the version with country dummy variables. The version with year dummy variables yielded similar results and is available in the web extra. In all our statistical analyses, we used information about sampling stratification and primary sampling units in order to properly estimate standard errors. The web extra provides further details on our selection and use of control variables.

We then used our results to estimate the increase in the number of unattended elderly people associated with the severity of the HIV/AIDS epidemic in each country. Firstly, we multiplied the estimated marginal effects of the AIDS mortality rate by each country's mortality rate in 2006, yielding the fraction of older people who were unattended as a result of a death from AIDS. Secondly, we multiplied this fraction by the total number of older people in each country, yielding the estimated number of unattended elderly people as a result of HIV/AIDS. We used 95% confidence intervals for the coefficients in our probit models to construct lower and upper bounds for the size of the unattended elderly population.

Results
=======

The proportion of unattended elderly people out of the total number of older individuals in sub-Saharan Africa increased significantly from 23.5% at the earliest surveys (median year 1993) to 26.1% at the most recent surveys (median year 2004; P=0.04). Table 1[](#tbl1){ref-type="table"} shows the demographic characteristics of the sample. Compared with older individuals who lived with prime age adults, unattended elderly people were less likely to be men, to live in urban environments, and to have completed primary school (P\<0.001 for all). They were also less likely to have assets at home such as radios (P\<0.001), suggesting that living alone is associated with lower socioeconomic status.

###### 

 Characteristics of the elderly population

                                          Total (n=123 176)   Unattended elderly\* (n=32 196)   Attended elderly (n=90 980)   P value
  --------------------------------------- ------------------- --------------------------------- ----------------------------- ---------
  Age (years)                             68.7                69.9                              68.2                          \<0.001
  Male (%)                                51.6                35.7                              57.4                          \<0.001
  Urban (%)                               18.0                14.1                              19.5                          \<0.001
  Has a radio at home (%)                 44.9                25.8                              51.8                          \<0.001
  Completed primary school (%)            8.9                 7.1                               9.6                           \<0.001
  **Proportion of unattended elderly†**                                                                                       
   Earliest survey                        ---                 23.5%                             ---                           ---
   Most recent survey                     ---                 26.1%                             ---                           ---
   P value                                ---                 0.04                              ---                           ---

\*Unattended elderly refers to individuals over the age 60 who live with no prime age adults (age 18-59).

†A comparison of the proportion of elderly people living without prime age adults over time. The median year of the earliest survey was 1993 and the most recent survey 2004.

Figure 1[](#fig1){ref-type="fig"} shows the relation between the AIDS mortality rate (AIDS related deaths per 1000 people) and the proportion of elderly people living alone without any prime age adults. Each data point in the figure represents a country-year observation. The scatterplot and accompanying regression line (fit by ordinary least squares using population weighted samples) show a positive correlation between the AIDS mortality rate and the proportion of unattended elderly individuals. Figure 2[](#fig2){ref-type="fig"} shows the association of the AIDS mortality rate with the proportion of missing generation households. This figure suggests an association between the severity of the HIV/AIDS epidemic and the proportion of older people serving as primary caretakers of young children. Further analyses presented in the web extra suggest that this relation is not attributable to the undue influence of outliers.

![**Fig 1** AIDS mortality rate and the proportion of older people living alone without any adults between the ages of 18 and 59. The line represents unadjusted linear regression showing higher fractions of unattended elderly people associated with higher AIDS mortality rates. The primary analysis uses a probit regression](kaut711564.f1_default){#fig1}

![**Fig 2** AIDS mortality rate and the proportion of older people living in missing generation households---that is, households where older people live with children under the age of 10 and without any adults between the ages of 18 and 59. The line represents unadjusted linear regression showing higher rates of elderly individuals living in missing generation households associated with higher AIDS mortality rates. The primary analysis uses a probit regression](kaut711564.f2_default){#fig2}

The results of tests for the strength of the association between the AIDS mortality rate and the living arrangements of elderly individuals are shown in table 2[](#tbl2){ref-type="table"}. We present the marginal effects obtained from the probit models and coefficient estimates obtained from the linear regressions (using population weights in all cases). The severity of the HIV/AIDS epidemic was significantly and positively associated with the proportion of older people living unattended. After adjusting for age, sex, place of residence (urban or rural), education, measures of household wealth (that is, whether individuals had electricity, flush toilets, plumbing, dirt floors, bikes, and radios), and country, a one point increase in the AIDS mortality rate was associated with a 1.53% increase in the proportion of older people living alone (95% CI 1.19% to 1.87%; P\<0.001) and a 0.42% increase in the proportion of older people living in missing generation households (95% CI 0.31% to 0.58%; P\<0.001). The unadjusted analysis yielded similar results to the adjusted analysis.

###### 

 AIDS mortality rate and changes in support for elderly people in Africa\*

                                                                                   Model                    Unadjusted estimate   Adjusted estimate†   95% confidence interval   Adjusted standard error
  -------------------------------------------------------------------------------- ------------------------ --------------------- -------------------- ------------------------- -------------------------
  Proportion of unattended elderly people (%)                                      Probit                   2.27                  1.53                 1.19 to 1.87              0.17
  Proportion of elderly individuals living in missing generation households‡ (%)   Probit                   0.75                  0.42                 0.31 to 0.58              0.08
  Number of prime age adults per elderly household§                                Ordinary least squares   −0.13                 −0.07                −0.09 to −0.06            0.01

\*All regression coefficients reflect the changes in outcome variable given an increase in the annual AIDS death rate of one additional death in 1000 people. Values from the probit models are marginal effects estimates and those from the ordinary least squares regression are coefficient estimates. Population weights are used for all estimates.

†Adjusted for age, sex, residence (urban or rural), education, measures of household wealth, and country.

‡Older individuals living with only dependent children under the age of 10 years.

§Measures changes in the number of prime age adults per elderly household among households with at least one prime age adult.

We observed a similar pattern between the HIV/AIDS epidemic and the number of prime age adults living with elderly individuals (table 2[](#tbl2){ref-type="table"}). An increase in the annual AIDS mortality rate of one extra death per 1000 people was associated with 0.13 fewer prime age adults per elderly individual in households with at least one prime age adult. After adjustment, the number of prime age adults per elderly household fell by 0.07 for each one point increase in AIDS mortality rate (95% CI −0.09 to −0.06 P\<0.001).

Finally, we used our parametric estimates to assess the population impact of the HIV/AIDS epidemic on the living arrangements of elderly individuals in each of the countries examined. Table 3[](#tbl3){ref-type="table"} shows estimates of the number of unattended elderly people linked to AIDS mortality in 2006. The calculations in table 3 assume that the same parametric relation between unattended elderly people and AIDS mortality within our study sample holds for each country in 2006. The results of the "leave one out" analysis presented in the web extra suggest that this assumption is reasonable because the parametric relation is stable across countries and time.

###### 

 Number of unattended elderly people associated with AIDS mortality in 2006 by country\*

  Country         Number of unattended elderly
  --------------- ------------------------------
  Benin           1600-2500
  Burkina Faso    4500-7000
  Cameroon        25 500-40 100
  Chad            7600-12 000
  Côte d'Ivoire   24 100-38 000
  Ethiopia        38 800-61 000
  Ghana           13 100-20 600
  Guinea          2200-3500
  Kenya           57 000-89 700
  Madagascar      500-700
  Malawi          31 200-49 100
  Mali            2900-4600
  Mozambique      44 700-70 400
  Namibia         3100-4800
  Niger           1900-3000
  Nigeria         109 400-172 300
  Rwanda          4400-7000
  Senegal         900-1400
  Tanzania        57 200-90 100
  Uganda          33 100-52 200
  Zambia          30 200-47 500
  Zimbabwe        89 400-140 700
  **Total**       **582 200-917 000**

\*Estimates were obtained using the marginal effects from the adjusted probit model and population estimates from the US Census Bureau's international database. The range represents the 95% confidence bounds of the marginal effects when controlling for age, sex, residence (urban or rural), education, measures of household wealth, and country.

Our estimates suggest that in the 22 African countries included in our study, an additional 582 200-917 000 elderly people were living unattended because of deaths from AIDS in 2006 (using the 95% upper and lower confidence bounds for each country). Using similar methods, we estimated that the HIV/AIDS epidemic was responsible for an additional 141 000-323 100 older individuals living in missing generation households in the 22 study countries in 2006. Notably, only 70% of the population in sub-Saharan Africa lives in these countries, suggesting that the overall numbers for the entire continent are even larger.

Discussion
==========

Principal findings
------------------

We provide strong evidence that the share of older people living without adult caregivers in sub-Saharan Africa is associated with the spread of the HIV/AIDS epidemic (that is, the fraction of elderly people without caregivers is higher in countries where HIV/AIDS is more prevalent). Although the epidemic's toll is known to extend beyond those infected, its effect on the population of older individuals in Africa was previously under-recognised. We demonstrate that increases in AIDS mortality are strongly associated with at least three changes in the living conditions of the older people: an increase in the number living without any prime age adults; an increase in the number living by themselves in households with children under age 10 (who presumably depend on them for care); and a decrease in the number of prime age adults living with elderly individuals in households where elderly and prime age adults live together. We identified several risk factors associated with living without the support of prime age adults (that is, the most vulnerable older people): female sex, little education, living in a rural area, and poor household wealth. These results imply a disproportionate effect of the HIV/AIDS epidemic on elderly individuals with lower socioeconomic status.

Strengths and limitations
-------------------------

This paper is the first multi-year, cross national study of the relation between HIV/AIDS mortality and living arrangements of elderly individuals in Africa. Previous studies have examined the effect of HIV/AIDS on older people in specific countries or regions[@ref20] [@ref21] [@ref22] [@ref23]; however, the scope of the association remained poorly characterised. Other research emphasised that elderly individuals may be a resource for prime age adults with HIV/AIDS, overlooking the burden that this situation places on older people.[@ref24] [@ref25] [@ref26] Our study includes data from countries that represent the majority of Africa's population, allowing us to provide more generalisable estimates.

The number of prime age adults has declined, shifting greater responsibility to Africa's elderly people. A substantial portion of the older people in our sample lived with only young children. Our findings are likely to be an underestimate of the true caretaking burden on older people for two main reasons. Firstly, we excluded all children older than 10 years, some of whom are likely to need care. Secondly, we were unable to identify households in which older people might also care for their ailing or debilitated adult children who have AIDS. These elderly individuals, who were previously supported through advanced age and failing health, may find themselves as the primary caretakers of young children or without the support of prime age adults.

Although this study estimates the scope and prevalence of unattended elderly individuals, it does not address several important issues. We did not directly evaluate whether the health of unattended older people was worse than that of elderly individuals who were supported by prime age adult family members (although it may be reasonable to assume so). We also know little about the quality of life of older people who live alone, although it is likely that becoming the primary caregiver of young children is a physical and financial burden for older people.

Additionally, it is possible that there is an association between AIDS mortality and elderly individuals choosing to live alone for reasons not related to the HIV/AIDS epidemic or prime age adults choosing to live apart from their elderly relatives. We did not find evidence supporting these scenarios. Repeated analysis of subsets of the data yielded consistent results, but we cannot entirely rule out unobserved confounders.

Conclusions and policy implications
-----------------------------------

The link between the high proportion of elderly people living without prime age adults and AIDS mortality could have important policy implications for African countries. This phenomenon coincides with demographic changes that are projected to increase the size of the elderly population. The number of elderly people who may require substantial support but have no prime age family members to care for them could pose significant challenges to communities and governments. Given that most countries in sub-Saharan Africa do not have "safety net" programmes for the elderly and governments are not likely to enact broad new support programmes for older people in the immediate future, prime age adults will be increasingly important in caring for the elderly population. Thus, policies that reduce morbidity and mortality from HIV/AIDS in the adult population may have considerable "spillover" benefits for tolder people.

The HIV/AIDS epidemic in Africa is changing the demographic landscape. We show the existence of a new population of elderly individuals who lack support from adults and who may need to provide for their grandchildren. Future work is needed to examine more closely the health and overall welfare of this population, but our work suggests that reducing AIDS deaths in Africa may provide substantial benefits to this under-recognised population.

### What is already known on this topic

1.  The number of adults over the age 60 in Africa is projected to rise by 55% between 2010 and 2025

2.  The HIV/AIDS epidemic is decreasing the number of adults aged between 18 and 59 (prime age adults)

3.  Previous studies have examined the effect of the HIV/AIDS epidemic on the living arrangements of elderly individuals in specific countries or regions, but it is unclear whether their findings apply beyond of populations considered

4.  Previous studies also do not consider the burden imposed on older people by the fall in the number of prime age adults caused by the HIV/AIDS epidemic

### What this study adds

1.  This paper is the first multi-year, cross national study of the relation between AIDS mortality and the living arrangements of elderly individuals in Africa

2.  A one point increase in the AIDS mortality rate was associated with a 1.5% increase in the proportion of older people living alone and a 0.4% increase in the proportion of elderly individuals living with children under the age of 10 and without prime age adults

3.  In the 22 African countries included in our study, deaths from AIDS were associated with an additional 582 200-917 000 elderly people living unattended and 141 000-323 100 elderly individuals living with only dependent children in 2006

4.  Our study includes data from countries that represent the majority of sub-Saharan Africa's population, making our estimates more generalisable than those of previous studies
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